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sects and were fixed immed ia t e ly  in aqueous Bouin ' s  
fluid. The mater ia l  was processed in the  usual way  and 
paraff in  blocks were prepared .  6-8 F.m th ick  sections were 
serially cu t  and s ta ined  wi th  F F - t e c h n i q u e  of Ewen  ~. 
The effect  of l ight  on the  neurosecre to ry  ac t iv i ty  was 
shown by  the  au to rad iograph ic  s tudies  on grasshopper ,  
where in  a higher  degree of S85-cysteine was incorpora ted  
into the  brain  neurosecre to ry  ceils of the  long day  insects,  
as compared  wi th  the  shor t  day  insects  5. Recent ly ,  the  
site of photoper iod ic  recep t ion  was bel ieved to be the  
bra in  itself by  some workers3, 8. In  the  present  s tudy,  a 
few s ignif icant  changes  were observed  in the  cerebral  NSC 
af ter  exposing the  insects  to  i l luminat ion of longer du- 
rat ion.  U n d e r  i l luminat ion,  the  NSC were found to be 
deple ted  of neurosecre to ry  mate r ia l  (NSM) (figure 1). I t  is 
suggested tha t ,  due to  pro longed exposure  to i l luminat ion,  
the  syn thes i s  of NSM is checked.  The NSC were found 
densely  packed  wi th  N SM af ter  keeping the  insects in to ta l  
darkness  (figure 2). Due to  darkness ,  tile NSM remains  
undischarged  and thus  accumula tes  as a densely  packed  
mate r ia l  in the  pe r ika rya  of the  NSC. If  these  insects  are 
again exposed to i l luminat ion,  the  NSC are dep la ted  of 
their  colloids. Similar observa t ions  were made  by  Gun- 
devia  and R a m a m n r t y  ~~ who repor ted  t h a t  l ight  p lays  
a role in the  process of neurosec re to ry  mater ia l  p roduc t ion  
and i ts  release, because in darkness  the  cells were densely  
packed wi th  NSM, while under  i l luminat ion  the  ceils 
themse lves  are deple ted  of the i r  colloids b u t  in the  axons  
there  was an abundance  of t he  neurosecre to ry  granules.  

S ta rva t ion  b rough t  abou t  the  inh ib i t ion  of neurosecre to ry  
ac t iv i ty  in red co t ton  bug s, and  c lumping  of NSC in 
Orthetrum chrysis ~. In  the  p re sen t  inves t igat ion,  de fo rmi ty  
in the  NSC and  c lumping  of the  NSM in the  ceils and  
axons  were b ro u g h t  abou t  by  15 days  of s t a rva t ion  in P .  
americana (figure 3). Similar observa t ions  were  made  by  
t3assurmanova  and P a n o v  4. No change  was observed in 
the  neurosecre to ry  ac t iv i ty  of bra in  ceils due to  di f ferent  
diets  as compared  wi th  controls .  P r e s u m a b l y  die t  plays  
no s ignif icant  role in the  secre tory  ac t iv i ty  of NSC of th is  
insect.  In  all the  control  insects,  the  cerebral  NSC showed 
uni formly  d i s t r ibu ted  NSM in the i r  pe r ika rya  (figure 4). 
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Summary. The concen t r a t ion  of GABA was de t e rmined  in each ganglion of Aplysia kurodai by microassay.  Highes t  
concen t r a t ion  was observed  in buccal  ganglia.  

GABA has been es tab l i shed  as an inh ib i to ry  neuro t rans -  
m i t t e r  a t  t he  c rus tacean  neuromuscu la r  junct ion  3-4 and  
the re  is now good evidence  t h a t  the  subs tance  is t he  in- 
h ib i to ry  n e u r o t r a n s m i t t e r  in ve r t eb ra t e  S, ~ as well as in 
i nve r t eb ra t e  nervous  sys tems  3 4. Morphological  and 
physiological  proper t ies  of Aplysia ganglia have  been in- 
ves t iga ted  for m a n y  years.  The re la t ive ly  large size and 
r eady  accessibi l i ty  of t he  neurons  faci l i tate  neurochemica l  
inves t iga t ion  including the  de t e rmina t i on  of pu t a t i v e  
n e u r o t r a n s m i t t e r s ;  ace ty lchol ine  7, dopamine  and sero- 
toninS,% g lu t ama te  and  g lu tamine  1~ and  the i r  re la ted  
enzymes  in the  indiv idual  neurons  of the  ganglia. 
However  too l i t t le a t t e n t i o n  has been paid  to GABA in 
the  Aplysia ganglia. Presence  of GABA in the  ganglia has 
no t  been  de t e rmined  3, p r o b a b l y  because of the  technica l  
l imi ta t ion  of GABA assay sys t em in such a small  sample  
as single ganglion or neuron.  By  the  ion tophore t ic  s tudy,  
Gerschenfeld  e t  al. it found t h a t  GABA has an ex i t a to ry  
on H-cells  and an inh ib i to ry  act ion on D-cells of Aplysia 
nervous  sys tem.  
I n  the  p re sen t  expe r imen t ,  the  concen t ra t ion  of GABA 
was de t e rmined  in each ganglion of Aplysia kurodai, by 
a sensi t ive m e t h o d  which  combines  the  GABase sys t em 
of Scot t  and Jacoby  13 wi th  the  t echn ique  of enzymat i c  
cycling of N A D P H  of Lowry  et  al. 13. This me thod  enabled  
us to measure  GABA in the  order  of 10 -12 moles. 

Aplysia kurodai (220-270 g b.wt)  were collected at  the  
Miura Peninsula ,  K a n a g a w a  Prefec ture ,  in J a n u a r y  and 
F e b r u a r y  1974. They  were kep t  in a sea-water  t ank  at  

1 The authors are indebted to Miss C. Shimada for her skillful as- 
sistance and are also grateful to Dr H. Koike in our institute for 
his advice to handle Aplysia, to Dr S. Ameniya, Misaki Marine 
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Distribution of GABA in Aplysia ganglia 

Gangliol~ Animal number 
A15 A16 A17 A18 A24 Mean ~_ SD 

Abdominal 0.30 0 . 7 2  0 . 7 5  0 . 4 8  0 . 3 4  0.51 j_ 0.21 
L-pedal 2.66 1 . 4 7  1 . 2 9  2 . 4 1  0.94 1.75 :k 0.74 
R-pedal 2.40 1.70 2 . 4 8  5 . 0 9  1 . 5 7  2.65 j- 1.42 
L-pleural 1.46 1 . 5 2  1.49 1.73 1.11 1.46 ~- 0.22 
R-pleural 1.08 1 . 4 4  2 . 5 8  2.09 1.53 1.74 ~: 0.59 
L-buccal 2.03 5.33 4.01 3.25 3 . 0 4  3.53 • 1.23 
R-buceal 3.97 5 . 9 0  6 . 1 6  6 . 1 4  3 . 3 6  5.11 • 1.37 
Cervical 2.39 1 . 7 2  2 . 2 2  3 . 3 1  2 . 4 5  2.42 • 0.58 
Connective nerve 0.53 1.48 1.03 1.50 0.70 1.05 ~- 0.44 
Buccal Ilmscle - - - 0.04 i 0.03* 

GAGA eontents are shown as inmoles/kg protein. *Buccal nmscle 
was dissected out from 3 other animals. 

15~ and fed wi th  dr ied  sea weed (Porphyra sp.) for 1-4 
weeks before the  exper iments .  Ganglia were dissected 
f rom the  animals  w i t h o u t  anaes thes ia  using fine oph tha l -  
mological  scissors and t rans fe r red  to a d i sh  conta in ing  
f i l tered sea wa te r  a t  2-8~ The connec t ive  t issue and  
shea ths  were r em oved  wi th  a special care no t  to damage  
the i r  neurons.  E a c h  ganglion was homogenized  wi th  a 
glass homogenizer  con ta in ing  50-200 bd of 0.01 N HC1 at  
4~ The h o m o g e n a t e s  were cent r i fuged a t  1000 •  for 
15 min a t  low t empera tu r e .  Resul t ing  s u p e r n a t a n t s  were 
s to red  a t  - 2 0 ~  unt i l  t h e  assay of GABA. To the  pre-  
c ip i ta tes  200-400 al of 0.5 N N a O H  was added  and  t h e y  
were dissolved and  kep t  -20~  for the  p ro te in  de te r -  
minat ion .  
An a l iquot  (3.8 ~,1) of the  s u p e r n a t a n t s  was t r ans fe r red  to 
the  oil well 1"~ mak ing  small  drople ts  and hea t ed  a t  60~ 
for 10 rain to des t roy  N A D P H  in the  ex t rac ts .  Af te r  
hea t ing  4 t,l of GABA assay react ion mix tu re  conta in ing  
0.2 M tris-HC1 buffer  (pH 8.9), ! 0 mM a-ke toglu ta ra te ,  
0.5 mM N A D P ,  0.01% /~-mercaptoethanol  and  0.2 mg 
p ro t e in /ml  of bacter ia l  enzymes  (GABA-t ransaminase  
and succinic semia ldehyde  dehydrogenase)  was added  to  
the  drople ts  and  t h e y  were incuba ted  a t  30 ~ for 30 min.  
Af ter  the  add i t ion  of 0.9 ~,1 of 1.0 N NaOH,  the  drople ts  
were hea t ed  at  60~ for 20 rain and the  mix tu res  were 
t r ans fe r red  to  45 ixl of cycl ing reagen t  in 1 ml  tubes.  The 
detai l  of N A D P H  cycling procedure  is descr ibed else- 
where  1~. The pro te in  con t en t  of ganglia was de t e rmined  
by  the  m e t h o d  of L o w r y  et  al. 15. 

8 d is t inc t ive  ganglia (abdominal ,  left  (L)- and r ight  (R)- 
pedal ,  L- and R-pleural ,  L- and  R-bucca l  and cervical),  
connec t ive  nerve  and  buccal  muscle  were  dissected out.  
The GABA co n t en t  in each p repa ra t ion  is shown as 
mmoles /kg  pro te in  in the  table.  GABA was de tec ted  in all 
ganglia and connect ive  nerve.  Abdomina l  ganglion con- 
t a ined  the  lowest  level of GABA among  the  g a n g l i a  
examined.  The h ighes t  level of GABA was found in buccal  
ganglia,  and  a fairly high concen t ra t ion  of GABA was 
also observed  in cervical  and  pedal  ganglia.  
Concerning the  pu ta t ive  t r a n s m i t t e r s  in Aplysia, m a n y  
physiological  and pharmacologica l  inves t iga t ion  used the  
abdomina l  ganglion and  acetylchol ine  has  been found to 
have  b o t h  an exc i t a to ry  and  inh ib i to ry  act ion on the  pos t -  
synap t i c  m e m b r a n e s  a, 26. In  the  p resen t  invest igat ion,  
lower concen t ra t ion  of GABA was found in the  abdomina l  
ganglion, whereas  it was re la t ive ly  concen t ra t ed  in the  
buccal  ganglia. In  the  Aplysia ganglia, the  level of GABA 
was  0.3 to  6.2 mmoles /kg  prote in .  If the  prote in  con ten t  
of the  ganglia is assumed to be abou t  1/10 of the i r  we t  
weight  as in o ther  tissues, the  values repor ted  here cor- 
r e spond  to 0.03-0.62 mmoles /kg  wet  weight .  This va lue  
seems to be comparab le  to the  GABA con ten t  in m a m -  
mal ian CNS 1~. However ,  in m a m m a l i a n  spinal  cord which  
conta ins  low concen t r a t ion  of GABA, Miya ta  e t  al. found  
re la t ive ly  high concen t ra t ion  in the  dorsal  pa r t  of dorsal  
horn  is. Al though the  concent ra t ion  of GABA in the  
ganglia is no t  as h igh as in the  m a m m a l i a n  CNS, GABA 
can be d i s t r ibu ted  in the  specifical ly localized areas or 
neurons  of the  Aplysia ganglia as observed in the  lobster  
ganglion 19. 
I t  should be no ted  t h a t  a re la t ive ly  high a m o u n t  of GABA 
was found  in the  buccal  ganglia.  Considering the  m o t o r  
behav ior  of Aplysia, buccal  m o v e m e n t  seems to be the  
mos t  str iking.  I t  migh t  be wor thwhi le  to s t u d y  sys temat i -  
cally the  func t ion  of GABA in the  Aplysia nervous  
sys t em using the  buccal  ganglia.  F u r t h e r  e lect rophysio-  
logical and  pharmacologica l  s tudies  are needed to give 
l ight  on the  role of GABA in the  ganglia. 
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The levels  of meta l lo th ione in- l ike  prote ins  in an imal  t i ssues1 
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Summary. The level of meta l lo th ionein- l ike  prote ins  was de t e rmined  in d i f ferent  t issues of 6 an imal  species. The 
h ighes t  concen t ra t ions  were found  in pig and ra t  t issues. The organs r ichest  in meta l lo th ionein- l ike  prote ins  included:  
k idneys  (101-305 tzg/g), in tes t ine  (127-257 txg/g) and  l iver (54-496 txg/g). 

Meta l lo th ionein  and  re la ted  prote ins  p lay  a r egu la to ry  
role in up take  and  me tabo l i sm of zinc and  copper  and  
are of considerable  impor t ance  in b ind ing  h e a v y  meta l s  
such as cadmium,  mercu ry  and  b i smu th  in an imal  organs  2. 
Es t ima t ions  of the  physiological  levels of meta l lo th ione in  
yielded values  of 100-260 tzg/g for the  r a t  l iver and  

180-700 fxg/g for the  ra t  k idneys  3-s when  using the  
rad iochemica l  m e t h o d  of e s t ima t ion  of meta l lo th ione in  9 
or its more  specific, modif ied vers ion s. Chen and Gan the r  s0 
ob ta ined  values of 42 txg/g a n d  87 ~g/g for the  liver and  
kidneys,  respect ively ,  using a m e t h o d  based  on molecular  
f i l t ra t ion  wi th  t he  1~ label. Meta l lo th ionein  levels in 


